ABSTRACT. Mitochondrial DNA (mtDNA) is a useful genetic marker that can be used for species identification. The cytochrome b (Cyt b) gene is a suitable mtDNA candidate gene for use in phylogenetic analyses due to its sequence variability, which makes it appropriate for comparisons at the subspecies, species, and genus levels. This study was conducted to develop a rapid molecular method for species identification of Malayan gaur (Bos gaurus hubbacki), Kedah-Kelantan (KK) (Bos indicus), and Bali (Bos javanicus) cattle in Malaysia. DNA was extracted from blood samples of 8 Malayan gaurs, 30 KK, and 28 Bali cattle. A set of both specific and universal primers for the Cyt b gene were used in PCR amplification. DNA sequences obtained were then analyzed using BioEdit and Restriction Mapper softwares. The PCR products obtained from Cyt b gene amplification were then subjected to restriction enzyme Species identification of Malaysian cattle with PCR-RFLP digestion. The amplification, using both specific and universal primers, produced a 154-and a 603-bp fragment, respectively, in all three species. Two restriction enzymes, NlaIV and SspI, were used to obtain specific restriction profiles that allowed direct identification of Malayan gaur, KK, and Bali cattle. Our findings indicate that all three species can be identified separately using a combination of universal primers and the restriction enzyme SspI.
INTRODUCTION
Bos gaurus hubbacki, Bos javanicus, and Bos indicus are the three major cattle species found in Malaysia, both in the wild and in captivity. B. gaurus hubbacki, or the Malayan gaur, is the largest of all wild cattle, but is currently rarely seen as its population is threatened toward extinction (Yusof, 1981; Conry, 1989) . Locally known as Seladang, Malayan gaur are easily recognized by the white stocking on all four legs, its dark brown coat, humped shoulders, and large dewlaps (Medway, 1983) . In Malaysia, the Malayan gaur can only be found in the Malay Peninsula (Sahir, 2001) . Another wild cattle of Malaysia is B. javanicus. There are two types of B. javanicus species; the wild form is known as Banteng, while the domestic form is known as Bali cattle. Both types share similar morphological characteristics, such as white stockings on all four legs, white spots on the back of the body, and a narrow dark stripe along the backbone; the only major difference between the types is their body size (Whitten et al., 1996; Rosli et al., 2011a) . The domestic Bali cattle is readily found in Malaysia and Indonesia as it is commonly bred for beef consumption. B. indicus, or Zebu cattle, is a domestic cattle breed that can be found throughout the world (Hiendleder et al., 2008) . The Malaysian Zebu cattle breed is the Kedah-Kelantan (KK) cattle, which can be recognized in several color coats, including brown-black, brown, and yellowish. KK cattle are also readily found in Malaysia as they are an indigenous species used in agricultural and commercialization practices (Rosli et al., 2011a) .
Although molecular-based techniques are not the only tools used for species identification, even recently, advances in molecular techniques over the last two decades have allowed the development of authentic and reliable methods for species identification (Nijman et al., 2003; Girish et al., 2005) . These techniques are promising and are able to overcome the drawbacks of many conventional methods. The dot-blot technique was the first genetic approach used for the determination of species identity (Ebbehoj and Tomsen, 1991) . Currently, polymerase chain reaction (PCR)-based techniques are most commonly used for species identification (Matsunaga et al., 1999; Wan and Fang, 2003; Ang et al., 2011) . This is due to their sensitivities, specificities, and capabilities to detect polymorphisms, even among closely related species, up to a single nucleotide differences (Meyer et al., 1995; Lim et al., 2010) .
Several identification PCR-derived techniques have been developed to analyze DNA sequences, including random amplified polymorphic DNA, PCR single-strand conformation polymorphism, PCR restriction fragment length polymorphism (PCR-RFLP), DNA hybridization, and nucleotide sequencing, among others (Fairbrother et al., 1998; Lockely and Bardsley, 2002; Rosli et al., 2011b) . PCR-RFLP is one of the most popular techniques currently applied in biological research due to its easy application in routine surveys. PCR-RFLP is also able to reveal genetic variation among studied species (Dodgson et al., 1997) , whether using mitochondrial, nuclear, ribosomal, or chloroplast DNA. Both nuclear and mitochondrial DNA (mtDNA) have been utilized for species identification using the PCR-RFLP method, which is performed alongside restriction enzymes at the targeted sequence. PCR-RFLP analysis requires isolation of the DNA sequence and digestion of fragments with a variety of restriction endonucleases (AbdulMawjood and Bülte, 2002) . The resulting fragment patterns are then examined for polymorphisms within and among populations. This technique is also commonly used in forensic applications and in wild species and stock identification (Lenstra et al., 2001; AbdulMawjood and Bülte, 2002) . Due to threats toward extinction, the identification of wild cattle is essential for strategy enhancement of conservation and management projects in Malaysia (Md-Zain et al., 2010a) .
mtDNA is commonly used because of its highly conserved sequences, maternal inheritance pattern, rapid evolutionary rate, and the fact that it is present in high copy numbers, making it easy to amplify (Irwin et al., 1991; Morlais and Severson, 2002; Mohamad et al., 2012) . Moreover, mtDNA lacks recombination and its relatively high mutation rate generates high levels of polymorphism (Hlaing et al., 2009; Vun et al., 2011) . Within mtDNA, the cytochrome b (Cyt b), displacement loop (D-loop), 12S rRNA, and 16S rRNA genes have been most widely used for species identification and have been well documented (Meyer et al., 1995; Partis et al., 2000; Ang et al., 2011; Vun et al., 2011) . In particular, the Cyt b gene has been used in various studies investigating phylogenetic relationships (Md-Zain et al., 2010a,b) . The sequence variability of the Cyt b gene makes it suitable for comparing and identifying species in the same genus or the same family (Bowers et al., 1994; Zardoya and Meyer, 2004; Md-Zain et al., 2010a ). The present study was designed to investigate the application of the PCR-RFLP technique for the identification of Malayan cattle based on variations in the Cyt b gene among different species, by identifying differences in digestion banding patterns in the studied species. Our focus was to identify the three Malayan cattle species: the Malayan gaur, KK, and Bali cattle. Even though these three types of cattle can be distinguished morphologically, we further demonstrate the potential reliability of adopting molecular techniques for a more substantive identification method of wild and domestic products.
MATERIAL AND METHODS

Blood collection
All animals were handled by veterinarians in strict accordance with good animal practices. Blood samples were obtained from 8 Malayan gaurs, 28 Bali cattle, and 30 KK cattle from five different locations (Table 1 ). All samples were collected in NH sodium heparin tubes and FTA cards. The blood samples were placed on ice for short-term storage and maintained at -20°C until the DNA extraction processes, while the FTA cards were stored at room temperature. 
DNA extraction
Total genomic DNA was extracted using the QIAGEN DNeasy Blood & Tissue Kit according to the protocol provided by the manufacturer. The extracted DNA was stored at -20°C.
PCR amplification
The specific primer used for PCR amplification was designed based on the mitochondrial Cyt b gene of a B. gaurus sequence obtained from GenBank (DQ 459331). The universal primers used to amplify the mitochondrial Cyt b gene were obtained from Lenstra et al. (2001) ( Table 2 ). The optimized PCR protocol included a final reaction mixture that comprised 1X PCR buffer, 2.0 mM MgCl 2 , 0.2 mM dNTPs, 0.2 mM forward primers (5'-AAGCTTGTGACA GATAGAACGAT-3') and reverse primers (5'-CAAGCTGTCTAGAATTCAGGGA-3'), 0.1 U Taq DNA polymerase, 50 ng genomic DNA, and autoclaved Milli-Q water in a total volume of 25 mL. PCR amplification was performed in a Biometra Thermalcycler with initial denaturation at 94°C for 4 min, followed by 30 cycles of denaturation at 94°C for 1 min, annealing at 55°C for 1 min, and extension at 72°C for 1 min. A final extension at 72°C for 8 min was included before a cooling step at 4°C. Desired DNA bands were observed on 2.0% agarose gel containing ethidium bromide, and were visualized and photographed with the Gel Documentation System (Chemilmager TM 4400, Alpha Innotech). Table 2 . Details of specific primers used in this study.
DNA purification and sequencing
Purification of the PCR products was carried out using the Wizard SV Gel and PCR Clean-Up System (Promega) according to manufacturer instructions. The purified PCR products were then sent directly to the sequencing service company, First Base Sdn. Bhd. (Malaysia), to be sequenced together with the above primers.
Sequence analysis
Pairwise alignment of both complimentary forward and reverse primer sequences were analyzed using the BioEdit Version 7 software. After analyzing Cyt b consensus sequences of the three species, restriction maps were generated using the Restriction Mapper software. Two restriction enzymes, NlaIV and SspI (Fermentas) were selected and considered to be informative as they could generate different band patterns for direct identification of Malayan gaur, KK, and Bali cattle. 
RFLP analysis
PCR products resulting from amplification of the Cyt b gene were subjected to restriction enzyme digestion. The reaction mixture was prepared by mixing 10 mL amplified PCR products with 1 mL of each restriction enzyme and 2 mL buffer. The total volume was adjusted to 30 mL by adding autoclaved Milli-Q water, which was then incubated at 37°C for 5 min under conditions recommended by the enzyme manufacturer. Digested products were analyzed on agarose gel.
RESULTS
DNA from all studied cattle samples were extracted, amplified, and sequenced successfully. The specific and universal primers used in PCR amplification generated fragments of approximately 154 and 603 bp, respectively (Figure 1 ). Prior to sequence analysis, the Basic Local Alignment Search Tool (BLAST) was used to compare the obtained sequences with those in databases and to calculate the statistical significance of matches. All DNA sequences matched DNA sequences of the genus Bos contained in the online database. After analyzing the sequence results of the 154-and 603-bp fragments, a few intraspecific differences were excluded, and restriction maps were constructed to detect and differentiate the species. The restriction enzyme NlaIV produced two fragments of 56 and 98 bp for all three species. SspI also produced two fragments for Malayan gaur and Bali cattle species, but of different sizes; 454 and 125 bp for Malayan Gaur and 472 and 107 bp for Bali cattle. However, SspI did not digest at any position for KK cattle samples (Figure 2 ). Based on Restriction Mapper, the restriction enzyme SspI did not cut at any position in KK when PCR amplification was performed using universal primers. Thus, SspI did not digest at any position when RFLP was performed. The fragment sizes after digestion with restriction enzymes NlaIV and SspI are summarized in Table 3 . 
DISCUSSION
This study used the PCR-RFLP method with the mtDNA Cyt b gene for species identification of Malayan gaur, KK, and Bali cattle. The results showed evidence that our molecular markers were associated with genetic similarities among the three studied species. Prior to validating uncontaminated DNA during extraction, we performed PCR amplification of the Cyt b gene by using both specific and universal primers, and all samples produced DNA fragments with expected lengths for Malayan Gaur, KK, and Bali cattle (Lenstra et al., 2001) . The restriction enzyme NlaIV was used to digest 154 bp of the amplified PCR fragment, which resulted in the same restriction pattern profiles, with a size of 56 and 98 bp, in all three species. These digestions indicated that the restriction enzyme NlaIV cannot reveal variations among these three species that were PCR-amplified using specific primers. On the other hand, the restriction enzyme SspI was used to digest 603 bp of the PCR fragment that was amplified using the universal primer. SspI produced two digested fragments, with the sizes of 454 and 125 bp in Malayan gaur and sizes of 472 and 107 bp in Bali cattle. However, SspI did not digest at any position in KK cattle. These different length digestions demonstrated that the restriction enzyme SspI is a very appropriate enzyme to be used for identification of these three cattle species. Based on these results, the restriction digestion pattern obtained from cutting sequences of the Cyt b gene amplified by the universal primer could be a more reliable method of species identification compared to digesting the DNA fragments amplified by the specific primer.
In our study, results showed that the three Malayan cattle species could be differentiated by amplification of the Cyt b gene using a universal primer together with the restriction enzyme SspI. The restriction digestion pattern obtained from a combination of PCR amplification and restriction enzymes for RFLP analysis proved to be a suitable marker tool for the identification of these three species of cattle (Lenstra et al., 2001; AbdulMawjood and Bülte, 2002) . Therefore, this study revealed the significant role that PCR-based techniques can play in species identification, and emphasizes the importance of choosing the right genes with suitable variation rates (Brown, 1983; Wolf et al., 1999) . This method was successfully used to type both Malaysian wild and domestic cattle, and has previously been used in species identification of game and domestic meats (Prado et al., 2007; Fajardo et al., 2009; Wang et al., 2010; Chen et al., 2010) .
In conclusion, PCR-RFLP of Cyt b gene fragments that were amplified using universal primers is an effective technique for identification of Malayan gaur, Kedah-Kelantan, and Bali cattle. These species could be directly identified by using the restriction enzyme NlaIV, which will produce the same digestion profile among the three species. For discrimination among the three species, the restriction enzyme SspI can be used instead, which produces distinct digestion profiles. However, further studies and investigations should focus on designing species-specific primers and/or probes for direct diagnosis, and more DNA regions should be analyzed in order to provide polymorphic sequence data for differentiating these animals.
